HE BUREALU is now broadeasting a stand-

ard of mdloflequencv from a new station in
the Rocky Mountaing at the very low flequen(\
of 20 ke.  Broadeasting began \pn] 5 from Sun-
set Canvon, about 20 miles west of Boulder, Colo.
Within their range, these signals will substan-
tially increase the accuracy of the NBS standard
frequency broadeasts,

Signals from the Sunset Canyon station (eall
letters WV u) may rveach as far as Hawaili—
perhaps even to New Zealand—but they are not
strong enough to provide good coverage over the
entire globe. However, WIWVL is onl v the first
step toward eventually providing worldwide
broadeasts at 20 ke.

Both time signals and
of frequency are currently transmitted on ¢
worldwide basis by the Bureau’s two shortwave
stations, WWYV at Beltsville, Md., and WWVH
on Maui, Hawaiil. These signals are propagated
by alternate reflections between the earth and the
ionosphere to reach the receiver. But the height
and density of the lonosphere change const‘mtly
and this creates small, erratic changes in the speed
of the radio waves. FErrors introduced by these
changes were insignificant 10 years ago. Today,
however, it is increasingly Important to measure
both timu and frequency with greater and greater
precision in order to coordinate the recordings of
tracking stations for missiles and satellites, to
measure minute quantities of electrical and radio
energy in baste research, and to facilitate develop-
ment in the field of electronics.

The low-frequency waves from Sunset Canyon
will follow the curvature of the earth with the
lonosphere and the ground acting as upper and
lower limits of a gigantic duct to guide the signals
over the globe. s the ionosphere wiil serve only
as a boundary, not a direct. reflector, it will have
almost. no effect. on the speed of the waves. For
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Artist’s conception of the antenna across Sunset Canyon
for 20-kilocycle standard frequency broadcasts from
Station WWVL. The copper-coated steel cable weighs
more than a ton, stretches 3,400 feet from anchor to
anchor, 900 feet above canyon floor.

this reason the 20-ke frequency will provide a
much more stable transmission than the shertwave
frequencies of WWV and WWVH.

The Sunset station is the result of several years
of ef"ort and several more vears will be required
before a true global transmitter is on the sir.

Many 1m*e>t1gation€, hy such men as .J. A
Pierce at Harvard, have shown that very low
frequencies can transmit standard signnls over
long distances wth great accuracy. A study o
1958 by A. D. Watt and R. W. Plush of the NBS
Boulder Laboratories indicated that the 20-ke
frequency was the most efficient to tranemit a
standard frequency on a global basis.

Radio waves, however, are not bound by inter
national boundaries and use of the differsnt fre-
quencies must be approved by both national and
international organizations. In January of 195
the Bureau recommended that the 20-ke fre-
quency be adopted by the U.S. group of the Inter-
national Consultative Radio Committee (CCIR).
CCIR adopted the proposal in April 1959 and it
December 1959 the International Radio Confer-
ence at Geneva, Switzerland, adopted the 20-k¢
standard frequency band for the Inte ~mt10ndl
Telecommunications Union (ITU). .

In January of this year the U.S. Government?
Interdepartmental Radio Advisory Committet
(IRAC) approved a Bureau application to operat®
a 20-ke standard frequency broadcast and the nev¥
service was registered with the I'TU. This: action
automatically placed a deadline into effect as inter”
national aoreements specify that a valid registrd-
tion requires a station to be In operation W ithin
90 days after the application is approved.

To meet this deadline—and to rapidly and e
nomically provide a better frequency standall
for as large an area us possible—the Burean modi-
fied an existing antenna in the Rocky Mountait®
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[pe antennd Was previously used for low-fre-
1 1,““~ jonospheric research, whistlers, and VLF
(lllt . -

jesionis. _ .
ml\lrlmugl‘a admost every division of the Boulder

ories was involved in determining the best
Cauency, obraining the site, adapting existing
fl.{qqnit‘rers o the Job, and other tasks, prime re-
F[;‘)lll{éibi]it\' for the Sunser development rested on
1);1'511‘1) headed by W, 1. George, W. W. Brown,
\ 1L Morgan, and D, Ho Andrews.
TThe antenna 1S a copper-coated steel cable
ching wore than half a mile across the top of

Labort

:r‘xl;[set (anyon, more than 900 ft above the canyon
iioor. From the center of the qzlble another cable
was dropped 1o a 20-kw transmitter at the canyon
foor. This assembly forms a top-loaded antenna
with the canyon walls acting as glant supports to

lold the eables above gl'ognd. The tremendous
size is necessary because of the great length of a
so-ke radio wave (each wave 1s almost 10 miles
Jong, whereas television waves, by comparison,
range from about 1 to 16 £r.) .

Corrently, users of WIWV can, in a few hours,
nse the shortwave signals to measure frequency to
o few part= in 107 Users within the range of the
WIWVL Sunset station (several thousand miles)
will he able to make measurements about a thou-
sand times betrer—to 1 part in 10%.

*Initiadly the 20-ke signal will serve only as a
frequency standard. Before the signal can be used
1o measure time intervals, such as a millionth of
a second, sew equipment must be built that will
modulaie 1 al so that a particular wave can
be identified at both the transmitter and the re-
ceiver. This ix more difficult at very low frequen-
cies becanise of the length of the waves involved.
Research is being conducted to determine the best
methods o7 cvele identification and time signal
modulanion

The o

ol signal will be used primarily by
research ¢ izatlons in studies to prepare for
the eventual worldwide transmitter. Within a
vear the Burean plans to build a pilot station (for
the global transmicter) on the plaing of Colorado
and to rransfer the Sunset equipment to the pilot
site. The pilot station will be much more effective

i1 be on the plaing and will also have

hecanse 1t vil
higher power, bur will require the building of tall
towers to support the antennas. In addition to
the 20-ke signal the pilot station will also transmit
astrong 60-ke signal,

To meer ax many needs ax possible for a better
frequency standard within the United States, the

Howard Wi
transmitter, ;
every-minute s

s, who will operate the Sunset Canyon
‘usts the timer which controls the once-
sadcast of the WWVL call letters.

July 19py

Boulder Laborarories began broadeasting experi-
mental, low-power, 60-ke signals in 1938, Be-
cause of their low power, these signals are not
well received at distani points and their use is
lmited. However, more than 50 organizations,
from coast to coast, have been using the signals
during the past 2 years and have obtained from
10 to 1,000 times better precision than they
received from the shortwave broadeasts,  Because
of the reliability and accuracy of these signals
some organizations have been able to cancel plans
for installing expensive atomic frequency stand-
ards within their own laboratories.

Both the 60-ke signals and the shortwave
broadcasts will continue even after the global 20-
ke transmitter is put in operation. The global
station will provide standard time interval and
frequency signals which will be accurate any-
where m the world to a few parts in 10* for
measurements made in a short period, and will
thus serve U.S. possessions and bases overseas.
The 60-kc broadcast, however—when its power is
increased—should provide even better service
within the United States (accuracies to a part
in 10*). It 1s also relatively easy to modulate

the 60-ke signals but this frequency is too high
to be particularly effective beyoud the continental
limits of the United States.



The range and accuracy of the 20- and 60-ke
signals are critically needed by such groups as
he[ S, A Foree: tho National Aeronauties and
Space Administration; the Atlantic, Pacifie, and
White Sands Missile ‘{(moeS' and the Smithso-
nian Tustitute (for satellite tracking). The spe-

cial receivers, however, which ave required to pick

r

~

up these low-frequency broadcasts cost several
thonsand dollars.
For this reason,

Wwy

the chortwave hroadecasts of

and WIWVH will alwa e be of value.

Norton
Wins
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f
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Norton, Chief of the Radio
IO nomeexmo Division at the
Bureau’s Boulder, (010 Laboratories has Lecm\ed
the 1960 Harry I)mmond Memorial Award of t
Institute of Kadio Engineers, the highest awar d
offeled toa gov 97'nment employee In Tthe field of
TTe was cited for “contri-
anding of radio wave propa-

I/’" WNNETH AL
Pro pagmlon

m(m% to the mldm st
gation.

Mr. Norton was pxe&ented with the award at
the annual convention of the Institute in March.
The award was named for the late organizer and
first chief of the Bureau’s Ordnance Development
Laboratory, which is now operated by the Depart-
ment of the A\lms as the Diamond Ordnance Fuze
Laboratories.

This is the second year In succession that a
Bureau sclentist has won the award. In 1939,

Jack Herbstreit, Assistant Chief of the Radio
Propamlhon Engineering Division, was named.

Since he ]omed the Radlo Sectlon m 1929, Mr.
Norton has been in the radio field (ontlnuoub]\ mn
various capacities. From 1934 ro 1942, he was
with the Technical Information Section of the
Federal Communications Commission., He also
served as consultant on radio propagation to the
Chief Signal Officer of the Alr Force and as a
tactical counter measnres analyst with the Eighth
Air Force before rejoining the Bureau in 1946,

During the past ten years, Mr. Norton and his
Division have played a major role in improving
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They require only the simplest receivers and thej,
aceuracy 18 sufficient to meet the current needs o
television and radio stations, electric power ((,m
panies, amateurs, smaller husinesses, and
(ronem] pubhe.

In fact, the WWYVH broadcasts should be y,
proved h\ the initinl Sunset transmissions, Jf
the Sunset. signal extends to Hawail, as expecteq -
it will be used to control the WWVH Lransis.
sions and thus increase their aceuracy from tg
to a hundredfold.

the use of radio for both communications and ap -
navigation. The studies of the Radio Propag-
tion Ennmeemm Division are intended to promote
and facl htare the more efficient use ¢f one of
the country’'s most precious natural resgurces, the -
radiofrequency spectrum.

In 1954, Mr. Norton received the Stuart Ballan-
tine medal from the Franklin Institute. He was
cited for "f-omnbmmm over a period of 25 yems
m the field ration, through which
our knowledge has been (omldeu\ i increased
by his measurments; our msmht br oadeued by s
thnorﬂhml work: our engineering o 21eulation

made easier hy his charts, and our h vcdeasting 7
h equency allocations above 50 Mc established E
more efficiently through his guidance.”

Mr. Norton was born in Rockwell (" ify. Towa -
and received his B.S. in physics from the Un- .
versity of Chicago in 1928, He has been a dele- =
cute to several infernational radio conferences, v
<ludmor the Provisional Frequency Board at Gew
eva, Switzerland, in 1948, and the High-Frequendy
Br oadmstmo Conference at Mexico ( ity in 1948
He was vice-chairman of the U.S. delemtmn (U
the 1950 meetings of Study Group XI (Television
Standards) of the International Racho Consult
ative Committee (CCIR). He was also a [ “nited
States delegate to the Interim Study Group Meet
ings of the CCIR in 1958 and to the IXth Plenat¥ -
A@semblv at Los Angeles in 1939, Mr. Norton
was a de]eoate to the eleventh general (\“emb]‘ ‘
of URSI at The Hague, \ethellanch, in 1954 an
vas chairman of the Leeal Arrangements (on -
mittee for the twelfth general as%embh of URSL
held i Boulder in 1957.

He is a fellow of the American Physical Soctefds
the American Association for the Advancement o,
Science, the Institute of Radio Fngineers ant-
the Amenc.m Institute of It]e(‘tuml fmumeel-
a member of the Scientific Research Sociery ¢
America, the American (reoph\"\lca] Union, e
American Mathematical Society, the Institute g
Mathemarical Statisties, and the "Ameriean StE
tical Assoctation.
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